INTRODUCTION
Gum Arabic (also known as gum Acacia, GA) is defined as an edible, water-soluble dietary fibrous heteropolysaccharide, made from the dried gummy exudate obtained and cultivated as a cash crop in agroforestry systems from the stems and branches of Acacia senegal or Acacia seyal trees (Said et al. 2019) . GA is rich in Ca 2 + , Mg 2 + and K + , widely used in the pharmaceutical, cosmetic and food industries as an emulsifier and stabilizer (Ali et al., 2013; Nasir, 2013) . Experimentally, Arabic gum has been used in Middle East and North Africa countries in the traditional treatment of variety of diseases, such as renal failure, hepatic, cardiac, anemia and diabetes mellitus, also used as an oral hygienic substance, antidiarrheal and anti-inflammatory for intestinal mucosa and inflamed skin, it improves the patients' digestive systems and improves appetite, and for kidney disease patients (Zeid & FarajAllah, 2018; Nasir; Elshama, 2018; Said et al.) . In mice and rats, GA has been reported to act as protecting agent against hepatic and renal toxicities . The protective effects of AG are likely to be related to its anti-oxidant and anti-inflammatory and cytoprotective properties (Helal et al., 2011; Hammad et al., 2019) . It is a widely known safe dietary fiber with varied applications within the food, pharmaceutical and cosmetic industries. In the colon GA is degraded by microorganisms to short chain fatty acids (Nasir) .
Diabetes mellitus (DM) is a common progressive serious metabolic disease. It is considered one of the most common chronic diseases worldwide (Hashem, 2018) . It is caused by inherited and/or acquired deficiency in production of insulin by the pancreas, or by the ineffectiveness of the insulin produced. According to World Health Organization (WHO) reports, by the year 2025 more 346 million individuals will have DM, this number will increase to 439 million, almost 10 % of adults, by 2030 (Dag et al., 2014; Almalki et al., 2019) . Diabetes mellitus is characterized by hyperglycemia and endocrine disorder leading to male infertility by affecting sperm quality through altered steroidogenesis (biosynthesis of steroid hormones) (Popoola et al., 2017) . Both major types of DM affect b-cells mass and insulin secretion (Meier & Bonadonna, 2013) .
Therapeutically, treatment by the natural products may be more effective and safe as alternative treatment for DM compared with chemical hypoglycemic agents, and low cost for many diseases and disorders. (Almalki et al.) . According to the US Food and Drug Administration (FDA), GA is one of the safest dietary fibers (Nasir) . Recently, there has been a growing interest in using natural phytochemical compounds as treatment alternatives in several conditions including diabetes, so the recent trend is encouragement for using natural products or medicinal plants as alternative therapies attributed to the increase of medication cost and synthetic medicinal side effects. Traditional therapies established from natural products showed an impact role in the control of DM (Cheng et al., 2013; Hammad et al.) . Experimental studies yielded evidence for an antioxidant and anti-inflammatory properties of GA as well as protective effects in hepatic-, renal-and cardiac toxicity, decrease blood pressure and cholesterol concentrations and antimicrobial activity (Nasir; Hammad et al.) .
However, the protective effect of gum Arabic with insulin on testes health of diabetic rats is poorly understood. The aim of this study was to evaluate the possible protective effect of GA/insulin on testicular tissue of diabetic rats.
MATERIAL AND METHOD
Chemicals: Alloxan monohydrate and Gum Arabic (GA) powder were obtained from Sigma-Aldrich Co, Germany.
Experimental Animals: A total of 50 male Wistar albino rats weighing (200-250 g 10 weeks old) were utilized in this study. The animals were supplied from the animal house of Faculty of Science (King Khalid University, Abha, KSA). The animals were kept in cages under proper environmental conditions of temperature, humidity, and light and had free access to food and water. The animals were acclimatized to the laboratory conditions for 7 days prior to the experiment. The animal handling procedures were conducted according to the ethical norms approved by the Ethical Committee of Faculty of Science, King Khalid University.
Induction of type 1 diabetes:
To induce diabetes mellitus, after 12-hour overnight fasting, the rats received an intraperitoneal injection of freshly prepared alloxan monohydrate (150 mg/kg b.w) in normal saline. Alloxan induces diabetes within 3 days by destroying the beta cells. After 72 h, animals with fasting blood glucose levels of >200 mg/dl were considered diabetic and used for further experiments (Pashapoor et al., 2019) .
Experimental design: Rats were divided into six groups of n=10 each, the different treatment groups their dosing and route of administration is given in Table I. All the groups were treated for 30 consecutive days, At the end of this period, animals were sacrificed, testes were removed for the determination of histopathological examinations.
Histological examination: Testes were carefully dissected out following abdominal incision and fixed in neutral buffered formalin (10 %), then dehydrated, with grades of ethanol (70, 80, 90, 95 and 100 %). Dehydration was then followed by clearing the samples in 2 changes of xylene, impregnated with 2 changes of molten paraffin wax using an automatic tissue processor (Sakura, Japan), then embedded and blocked out using an embedding station Table I . Experimental groups used in this study.
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Group Name Dosage (Sakura, Japan). The 5 µm thicknesses sections were cut using a microtome (ModelRM2245, Leica Biosystems, Wetzlar, Germany). Paraffin sections were stained by Hematoxylin & Eosin using an autostainer (Model 5020, Leica Biosystems, Wetzlar, Germany) according to the method described by , and examined for alterations in the brain tissues of each rat under study by using optical microscope (Olympus Microscope BX51 with Digital Camera, Japan).
For a semi-quantitative comparison of the structural changes, the abnormalities in the tissue sections were graded from -(normal structure) to +++ (severe pathological changes) (Table II) 
RESULTS AND DISCUSSION
Histopathological observations of the testes of normal control rats revealed normal architecture of the seminiferous tubule. The seminiferous tubules were hexagonal or rounded and are separated by a thin intertubular interstitial connective tissue. The germinal epithelia are formed of normal spermatogenic layers represented by spermatogonia, primary and secondary spermatocytes, spermatids and sperms (Figs. 1A-D). Diabetic rats showed testicular atrophy, and degenerative changes in spermatogenic cells lining the seminiferous tubules, associated with incomplete spermatogenesis. The interstitial tissue becomes wider and vacuolation, the seminiferous tubules were shrunken and greatly depleted of germ cells ( Figs. 2A-D) . Improvement in the histopathological picture was noticed in examined sections from diabetic rats + GA as the examined sections revealed apparent normal seminiferous tubules and interstitial tissues occupied by the interstitial cells (Leydig cells). Most of their seminiferous tubules were close together with regular outlines and narrow interstitium (Figs. 3A-B ). G4 (Diabetes + Insulin) and G5 ( Diabetes + Insulin + Arabic gum) showing normal structure of seminiferous tubules (Figs. 4A-B) and (Figs. 5A-B) , respectively.
Results of present study suggested that GA shows a protective effect on alloxan-induced testicular impairment. Hyperglycemia toxicity could induce testicular injury, oxidative stress and apoptosis in diabetes by increasing ROS production and inhibiting of antioxidant defense system (Dkhil et al., 2016) . However, treatment of testicular injury remains challenging, Arabic gum has hypoglycemic effect, it could reduce pathological effects, oxidative stress and apoptosis from diabetic pancreas, GA may serve as an alternative treatment for testicular and pancreatic injury in diabetes (El-Nagar, 2017). Arabic gum alone or with insulin significantly attenuated most of the diabetic-induced histological changes. This protective effect was accompanied by a tendency to improve somniferous tubular structure (Hammad et al.) . In a previous study, researchers used 30 g/ day of Gum Arabic daily for 3 months to treat 100 diabetic patients and found that GA inhibited lipid peroxidation and glucose levels. Babiker et al. (2017) and Helal et al. used GA 7 .5 g/kg/day orally for 10 days and GA exerts a protective effect against stress-induced gastric mucosal lesions in rats. Zha et al. (2018) used 100 or 200 mg/kg curcumin was administered orally to the diabetic rats for 16 weeks, (Rashid & Sil, 2015) used 100 mg/kg for 8 weeks, curcumin may have a therapeutic value in the treatment of diabetes-induced testicular injury due to its prevention of testicular apoptosis and attenuation of oxidative stress and suggested that curcumin exerts a protective effect on STZ-induced testicular impairment by increasing testosterone hormone secretion, ROS/O2-production, and apoptosis, similar to the findings in this study. AG ameliorated the associated rise in blood pressure In diabetic mice (Nasir et al., 2012) .
The effect of GA on testicular oxidative stress and sperm quality were investigated by Fedail et al. (2016) , 10 AL-DOAISS, A. A. & AL-SHEHRI, M. A. Protective effect of gum Arabic/insulin against histological changes in testes of diabetic rats. Int. J. Morphol., 38(2):340-347, 2020. % GA in the form of drinking water for 10 weeks, may protect testis via enhancement of anti-oxidant capacity in male Sprague-Dawley rats, it may be useful to meliorate the diabetic fertility complications. Apoptosis is considered the main contributing factor of testicular injury in experimental animals with DM due to elevated oxidative stress, increased ROS production induces lipid peroxidation, DNA damage and mitochondrial lesions in germ cells, leading to dysfunction in testicular spermatogenesis and steroidogenesis. Therefore, ameliorating oxidative stress and apoptosis in diabetic rats represents a method to attenuate testicular damage (Dkhil et al.) .
In the present study, we found that induction of diabetes in rats resulted in reduction of spermatogenic cells and is associated with degeneration in the spermatogenic cell series and congestion interstitial vessel. Diabetes has been reported to reduce the number of spermatogenic cells, and the diameter of the seminiferous tubules, apoptosis and atrophy in the seminiferous tubules, which are indicators for the failure of spermatogenesis as documented by Dkhil et al. Diabetes-induced atrophy of the sex organs and seminiferous tubules has been reported to be induced by oxidative stress and apoptosis (Navarro-Casado et al., 2010) . Ozdemir et al. (2009) mentioned to the difference between the diabetic groups and control in degeneration of the seminiferous tubules, tubule abnormality, giant cell formation, interstitial changes, apoptosis incidence and necrosis in the seminiferous tubules that agreed with the present findings, this was considered to be due to the degeneration of the seminiferous tubules. El-Nagar revealed that Arabic gum exerted a significant hypoglycemic effect by release of insulin from pancreatic beta cells, that agreed with the present findings that treated diabetic rats with Arabic gum showed reduced histopathological alterations alloxan-induced in testes compared to diabetic group. In contrast, we demonstrated that GA prevent and minimize diabetesinduced spermatogenic cell loss in the diabetic rats. These observations indicate that the spermatogenic cell-protective effects of GA may reflect the antioxidant nature of GA in biological systems as well as its fundamental role in sperm maturation. The effect of AG on histological changes was associated with significant histological protective features. The features of seminiferous tubules and interstitial tissue in the AG-treated group alone or with insulin for 30 days after diabetes was significantly similar to the control group. 
